Using all the data available in the literature on colour characteristics of host galaxies associated with distant (z>1) radio galaxies, a possibility has been investigated of using two evolutionary models of stellar systems (PEGASE and Poggianti) to evaluate readshifts and ages of stellar systems in these galaxies. Recommendations for their applications are given.
Introduction
The labour intensity of obtaining statistically significant high-quality data on distant and faint galaxies and radio galaxies forces one to look for simple indirect procedures in the determination of redshifts and other characteristics of these objects. With regard to radio galaxies, even photometric estimates turned out to be helpful and have so far been used (McCarthy, 1993; Benn et al., 1989) .
In the late 1980s and early 1990s it was shown that the colour characteristics of galaxies can yield also the estimates of redshifts and ages for the stellar systems of the host galaxies. Numerous evolutionary models appeared with which observational data were compared to yield results strongly distinguished from one another (Arimoto and Yoshii, 1987; Chambers and Charlot, 1990; Lilly, 1987 Lilly, , 1990 .
Over the last few years the two models: PEGASE (Project de'Etude des Galaxies par Synthese Evolutive (Fioc and Rocca-Volmerange, 1997) ) and Poggianti (1997) have been extensively used, in which an attempt has been made to eliminate the shortcomings of the previous versions.
In the "Big Trio" experiment (Parijskij et al., 1996) we also attempted to apply these techniques to distant objects of the RC catalogue with ultrasteep spectra (USS). Colour data for nearly the whole basic sample of USS FR II (Fanaroff and Riley, 1974) RC objects have been obtained with the 6 m telescope of SAO RAS. In the present paper we investigate the applicability of new models to the population of all distant (z > 1) radio galaxies with known redshifts. The results of this investigation will be used for the RC objects of the "Big Trio" project.
Data
To test the potentialities of the method in determination of the redshifts and ages of the stellar population in the host galaxies from photometry data, we have selected about 40 distant radio galaxies with known redshifts, for which the stellar magnitudes in more than 3 bands are available in the literature (Parijskij et al., 1997) . The data on these objects are tabulated in Table 1 , in the columns of which are listed the universally accepted names of the sources, IAU names, spectroscopic redshifts (z sp ), apparent stellar magnitudes in the filters from U to K, radio morphology of the objects (P -point source, D -double, T -triple, Ext -extended), and notes. The bracketed values or the values representing the lower limits were disregarded in the calculations. Magnitudes from R column which have a symbol "r" (r-filter) in further calculations were decreased by 0.35 to be used as R magnitudes. Magnitudes from I column with the symbol "i" were decreased by 0.75 and treated as I magnitudes.
The lines describing the objects 3C 65 (B022036+394717), 3C 68.2 (B023124+312110), 3C 184 (B073359+703001) contain the data in which the authors have already taken into account the absorption.
The asterisks in the notes mark the classical FR IItype objects.
It should be noted that the photometry data presented in Table 1 are rather inhomogeneous, obtained using different tools with different apertures and by different observers.
The procedure of estimating the redshifts and ages of the stellar population for each source consisted in:
1. Obtaining the age of the stellar population of the host galaxies from photometry data, PEGASE and Poggianti models with a fixed known redshift.
2. Searching for an optimal model of an object and simultaneous searching for the redshift and age of the stellar population.
3. Comparing the derived values.
3. Description of models of energy distribution in the spectra of the host galaxies
The new model PEGASE (Fioc and RoccaVolmerange, 1997) for the Hubble sequence galaxies, both with star formation and evolved, was used as a basic SED (Spectral Energy Distribution) model. The uniqueness of this model consists in expanding to the near IR (NIR) of Rocca-Volmerange and Guiderdoni's (1988) atlas of synthetic spectra with a revised stellar library, which includes parameters of cool stars. The NIR is connected coherently with the visible and ultraviolet ranges, so the model is continuous and spans a range from 220Å to 5 microns. The precise algorithm of the model, to quote the authors, allows revealing rapid evolutionary phases such as red supergiants or AGB in the NIR. We used from this model a wide collection of SED curves from the range of ages between 7 · 10 6 and 19 · 10 9 years for massive elliptical galaxies. A second model, taken from Poggianti (1997) , is based on computations that include the emission of the stellar component after Barabaro and Olivi (1991) , synthesizes the SED for galaxies in the spectral range 1000-10000Å and includes the computed phases of stellar evolution for AGB and Post-AGB along with the main sequence and helium burning phase. The model allows for the chemical evolution in the galaxy and therefore for the contribution of the stellar populations of different metallicities to the integral spectrum. Using the stellar model atmospheres (Kurutz, 1992) Poggianti has managed to compute spectrum up to 25000Å. Kurutz's model for stars with T eff > 5500K has been used in the IR range, while for lower effective temperatures the library of the observed stellar spectra (Lancon and Rocca-Volmerange, 1992 ) has been employed.
From the second model we have used the SED curves computed for elliptical galaxies, for the ages (2.2, 3.4, 4.3, 5.9, 7.4, 8.7, 10.6, 13 .2, 15)·10 9 years.
Procedure

Allowance for the absorption
In order to take account of the absorption, we have applied the maps (as FITS-files) from the paper "Maps of Dust IR Emission for Use in Estimation of Reddening and CMBR Foregrounds" (Schlegel et al., 1998) . The conversion of stellar magnitudes to flux densities has been performed by the formula (e.g. von Hoerner, 1974):
The values of the constant C for different bands are given in Table 2 where also are presented the following characteristics: filter name, wavelength, coefficient A/E(B-V) of transition from distribution of dust emission to absorption in a given band, assuming the absorption curve R V = 3.1.
The coordinates of sources for the epoch 1950.0, galactic coordinates, and also the absorptions adopted in the further computations are tabulated in Table 3 .
Fitting
The estimation of ages and redshifts was performed by way of selection of the optimum location on the SED curves of the measured photometric points obtained when observing radio galaxies in different filters. We used the already computed table SED curves for different ages. The algorithm of selection of the optimum location of points on the curve consisted briefly (for details see Verkhodanov, 1996) in the following: by shifting the points lengthwise and transverse the SED curve such a location was to be found at which the sum of the squares of the discrepancies was a minimum. Through moving over wavelengths and flux density along the SED curve we estimated the displacements of the points from the location of the given filter and then the best fitted positions were used to compute the redshift. From the whole collection of curves, we selected the ones on which the sum of the squares of the discrepancies turned out to be minimal for the given observations of radio galaxies.
Thus we estimated both the age of the galaxy and the redshift within the frame of the given models (see also Verkhodanov et al., 1998a,b) . When apprizing the robustness of fitting, the presence of points from infrared wavelengths (up to the K range) is essential, since in the fitting we include the jump before the infrared region of the SED and can thus locate stably (with a well-defined maximum on the likelihood curve) our data. When removing the points available (to check the robustness) and leaving only 3 points (one of which is in the K range), we obtain in the fitting the same result on the curve of discrepancies as for 4 or 5 points. If the infrared range is not used, the result proves to be more uncertain.
The computation results with the fixed redshift value are given in Table 4 , where there listed 1) the name of the object, 2) the spectroscopic redshift, z sp , 3) the age estimated from Poggianti's models with z sp , 4) the r.m.s. deviation, σ d , of photometric points (Jy) from the optimum age SED curve in Poggianti's model, 5) the age determined from the PEGASE library models with z sp , 6) the r.m.s. deviation, σ d , of photometric points (Jy) from the optimum age SED curve in the PEGASE model. Note that in the cases where we fail to find a consistent solution, the parameters being determined are omitted in Tables 4 and  5 .
Figures 9-54 (at the end of the paper) represent the optimum (with a minimum of the squares of the deviations) SED curves with the given spectroscopic z sp for the sources under investigation and the curves of the dependence of r. m. s. deviations on age for the given object for both models. The pictures are drawn in pairs "SED-σ d (age)" for the models of Poggianti and PEGASE, respectively. The figures from the SED models of Poggianti and PEGASE are denoted by (a) and (b), respectively.
The result of computations of the redshifts and the age of the stellar population of the host galaxy from the models of PEGASE and Poggianti are tabulated in Table 5 which presents 1) the object name, 2) the spectroscopic redshift, z sp , 3) the age estimated from Poggianti's models in the case of uncertain redshift, 4) the redshift estimate in these models, 5) the r. m. s. deviation, σ d , of photometric points from the optimum age SED curve in Poggianti's model for the given case, 6) the age determined from the PEGASE library models in the case of non-fixed redshift, 7) the r. m. s. deviation, σ d , of photometric points from the optimum age SED curve in the PEGASE model for the given case.
In Figures 55-100 (at the end of the paper) are presented the optimum (with a minimum of the squares of the deviations) SED curves with a variable redshift and normalized likelihood function (LHF) distributions in the "redshift-age" plane for the given object for the two models. The pictures are drawn in pairs "SED-LH function (z, age)" for Poggianti's and PEGASE models, respectively. When there are several selected curves within one model, all the versions are presented. When it is impossible to choose a model, only the LHF distribution is given. The LHF contours are plotted in the figures by levels 0.6, 0.7, 0.9 and 0.97. The figures from the SED models of Poggianti and PEGASE are labeled by symbols (a) and (b), respectively. Note that the sought-for parameters for 11 sources are determined ambiguously. 
Discussion
The principal points of our concern are:
• whether one can use the multicolour photometry technique to measure the redshift (first of all) and age of the stellar population of the host galaxy for distant radio galaxies;
• which of the new models give the best agreement of the redshift found by spectroscopy with the derived values;
• to what extent one can rely on the obtained ages of radio galaxies.
Should all the data of Table 5 be used with no selection (leaving only one of the versions for each object), the formal error of one measure of the redshift equals 70-80 % (Fig. 1 a, b) , which is almost an order of magnitude worse than for nearby objects (see e. g. Benn et al., 1989) . For Poggianti's models residuals are less clustered in their distribution (compare Fig. 1 a and 1 b) .
The situation improves considerably if Table 5 is restricted only by the population of classical FRİI-type objects (marked by asterisks in Tables 1, 5 ). For the PEGASE models the error decreases to 23 %. It is essential that this error has not been revealed to rise with z sp (Fig. 2) . Part of the error is without a doubt associated with quality and dissimilarity of observational data, part with the real difference between the SEDs of host galaxies and adopted models.
In a number of properties the PEGASE models turn out to be closer to the real SED for radio galaxies than Poggianti's models. This is why it is conceived to employ the former for distant FR II-type galaxies until models of higher quality appear.
The errors in age estimates of the stellar population from the data of Tables 4 and 5 can so far be determined only by comparing results of different models, which may not represent the true error. Histograms of such "model" errors in age determination of the stellar population of host galaxies are displayed in Fig. 3a, b . The ages derived from the PE-GASE models with a fixed (spectroscopic) redshifts are generally little (10 %) different from the version of simultaneous selection of both age and redshift (Fig. 4) . Fig. 5 shows the differences in age from the models of Poggianti and PEGASE, depending on the spectroscopic redshift. The average age of radio galaxies turned out to be about 2 billion years (see e. g. Fig. 6 ) and only slightly depends on z sp . The dispersion of age values decreases with growing z sp , though the statistical significance of this inference is not high. Besides, there is a systematic difference in the ages estimated from these two models. Poggianti's model yields a larger by about 1.5-2 billion years age value, except for the utmost ages. Note that the larger the age, the lower its estimation accuracy. For the oldest systems, the differences in the ages estimated from the two models may amount to 100 % and above.
The part played by the red filters, especially K, grows with increasing z, but it turns out that the "continuity" in the location of the filters across the determined spectrum region is essential. To illustrate this we have compared the accuracy of determination of colour redshifts in two cases: using all the data available, including the K filter and with the application of four neighbouring filters that cover continuously a specified region of the spectrum. We have managed to select 6 of such cases (Tables 6 and 7) , and all of them are used in Fig. 7 . It follows from the figure that the difference in colour redshifts is as small as 11 %. This allows us to hope for being able to estimate colour redshifts with a sufficient accuracy by using the standard equipment available at SAO RAS.
In selecting the most likely version of colour redshift one can use photometry data in a separate filter since the difference between these versions exceeds sometimes the errors in photometric estimates (see e. g. objects 1108+38, 1017+37).
Using the age of stellar systems of the host galaxies, one can roughly evaluate the time of the latest mass star formation T sf and the redshift z sf , corresponding to that moment. These estimates are model dependent and we restrict ourselves to the standard CDM model of the Universe.
The distribution of T sf for the FR subsample is displayed in Fig. 8 . For the average z sf of this sample, the mean age of stellar systems of host galaxies equals 1.8 billion years, which corresponds to z sf = 5.5±3.7. A considerable part of galaxies have z sf larger than 8, which is important for the reconstruction of the history of the Universe. The presence of a certain number of "negative" ages may be due to the error in age estimates of old objects. The well-studied "negative"-age object 53W091, having z sf = 1.55 and age of 3.5-4 billion years, has been found to conflict with the CDM model. The conflict can readily be resolved by introduction of the Λ term (Dunlop et al., 1996; Krauss, 1997) . In any event it is vital that the mean epoch of mass star formation for a population of galaxies with z > 1 occurs much earlier than, on average, for field galaxies (Cowie et al., 1995) .
Conclusions
1. It is shown that one can measure redshifts with an accuracy of 25-30 % up to the limiting values for 40 radio galaxies with 1 < z < 4, having measured stellar magnitudes in more than 3 filters. These measures are valid first of all for the PEGASE models of SED evolution with time. Therefore it is hoped we will succeed in obtaining sufficiently reliable redshifts from the 6 m telescope multicolour photometry data, using the PEGASE models for the sample of the "Big Trio" project RC objects, though we have no measurements in the K filter. Thus we have obtained good agreement between spectral and colour redshifts for one of the distant RC objects (Dodonov et al., 1999) . 2. Ages and moments of the latest vigorous star formation have been estimated for the radio galaxies with z > 1 discussed above. Stellar population of most objects of this sample is not too old (median PEGASE model age is 1.5 billion years). The age of the stellar population from the models of Poggianti is by 2-2.5 billion years greater. There is not a single object having an age over 7-12 billion years. No perceptible relationship between the age of the stellar population and redshift is observed.
3. The errors can be distinguished as rough ones, that are introduced by the quasiperiodic SED structure, and random errors, which are due to the quality of observational data. The former may reach 100 %, the latter 5-10 %. Simple photometric redshift evaluations allow false estimate to be discarded in a number of cases.
4. A better insight into evolutionary tracks of synthetic spectra in the first generation galaxies must result in a considerable improvement of accuracy of colour estimates. These may not be much different direct spectroscopic values for at least ultimately faint objects. Tables 1,  5 . The object 1547+21 is a gravitational lens, the redshift estimates for the objects 1108+36 and 1017+37 do not conform to possible photometric redsift limits, this is why they must be excluded from the discussion; the object 1119+25 is N galaxy; the radio source 1132+37 has a GPS spectrum. Table 5 ) against that obtained with the use of only four adjacent bands, which cover continuously a certain spectrum region. The bands used in the computation (Table 6) arXiv:astro-ph/9910559v1 1 Nov 1999 
